Background A computerized physician order entry (CPOE) system with embedded clinical decision support can reduce medication errors in hospitals, but might increase the time taken to generate orders. Aims We aimed to quantify the effects of temporal (month, day of week, hour of shift) and other factors (grade of doctor, prior experience with the system, alert characteristics, and shift type) on the time taken to generate a prescription order. Setting A large university teaching hospital using a locally developed CPOE system with an extensive audit database. Design We retrospectively analyzed prescription orders from the audit database between August 2011 and July 2012. Results The geometric mean time taken to generate a prescription order within the CPOE system was 11.75 s (95% CI 11.72 to 11.78). Time to prescribe was most affected by the display of high-level (24.59 s (24.43 to 24.76); p<0.001) or previously unseen (18.87 s (18.78 to 18.96); p<0.001) alerts. Prescribers took significantly less time at weekends (11.29 s (11.23 to 11.35)) than on weekdays (11.88 s (11.84 to 11.91); p<0.001), in the first (11.25 s (11.16 to 11.34); p<0.001) and final (11.56 s (11.47 to 11.66); p<0.001) hour of their shifts, and after the first month of using the system. Conclusions The display of alerts, prescribing experience, system familiarity, and environment all affect the time taken to generate a prescription order. Our study reinforces the need for appropriate alerts to be presented to individuals at an appropriate place in the workflow, in order to improve prescribing efficiency.
INTRODUCTION
Prescribing medicines is the most common therapeutic intervention in the National Health Service (NHS), and an essential task for the medical practitioner. The act of prescribing is complex. The practitioner needs to: (1) make an accurate diagnosis; (2) assess the balance of benefit to harm; (3) choose the optimum drug among a range of alternatives and the optimum dose regimen; and (4) discuss with the patient the proposed drug treatment and potential beneficial and adverse effects. 1, 2 In the UK hospital setting, the majority of prescription orders are generated by junior doctors under the supervision of their more senior colleagues. 3, 4 Computerized physician order entry (CPOE) (electronic prescribing) can reduce the incidence of certain medication prescribing errors, [5] [6] [7] particularly those due to illegibility and incompleteness of prescription orders. Clinical decision support (CDS) embedded in CPOE can reduce the frequency of medication errors by providing alerts, for example, of drug interactions or allergies. 8 CDS alerts can be interruptive (ie, a hard-stop preventing the generation of an order) or non-interruptive (ie, providing information). Alerts of different types may require the doctor to respond in different ways, for example, by entering a password to acknowledge the alert information, or by changing the order before proceeding. Inappropriately frequent alerts can cause 'alert fatigue,' which can lead to both unimportant and clinically important alerts being ignored. 9, 10 Time efficiency is important for busy doctors, especially as more hospitals move from paper-based to electronic processes. 11 In some studies, CPOE increases the time taken for doctors to complete order entry tasks. [12] [13] [14] [15] In one UK study, doctors stated that they did not have time to check their work or return to uncompleted tasks. 16 In another similar study, prescribing errors were often found to be a result of rushing the prescription order, owing to work load and other pressures. 3 Other environmental factors contributing to error included being on-call (working outside normal hours), working in environments with a fast turnover of patients, being fatigued towards the end of the day, and having to cope with competing demands. We aimed to determine how the time taken to generate a prescription order in a CPOE system changed over time, depending on certain temporal factors (eg, month, day of week, time of shift) and the grade of the doctor (and therefore prescribing experience). We also aimed to determine how CDS alerts changed the time taken to generate a prescription order, with particular attention to alerts that the doctor had not previously encountered.
METHODS
Setting and study population This study was carried out in a large UK teaching hospital with numerous medical and surgical specialities. It has a locally developed electronic prescribing system known as PICS (Prescribing, Information and Communication System). PICS is used by all doctors at the site to prescribe for all 1200 inpatients, with the exception of some chemotherapy regimens and the emergency department. The system contains comprehensive CDS, including dose-range checking, drug-drug interaction alerts, and contraindications (eg, drug-disease, allergies). Alerts appear to the prescriber as orders are generated. In order of increasing severity, the four levels of alert are: (1) information boxes requiring no action; (2) alerts that need clinical acknowledgment via a tickbox; (3) alerts that have to be acknowledged by typing in a password; or (4) 'hard-stop' disallows that require the order to be changed to revoke the alert or canceled before completion. A single prescription order can generate several alerts, depending on concomitant medication and patient co-morbidities. A key feature of the system, for the purpose of this study, is that detailed information about each prescription order is exported to a comprehensive audit database.
Data capture
The majority of prescribing in the UK is carried out by doctors below the grade of registrar (ie, in their first few years of postgraduate training). We therefore identified all doctors below the grade of registrar who had regularly prescribed at the hospital over a 52-week period, commencing on 1 August 2012, the date on which newly qualified doctors started their first year of practice. In the UK, the first year consists of three 4-month rotations between different specialties. To maintain a constant cohort, only those with prescribing activity in the first 4 months of the study and for at least 6 months in total were included. Those doctors not fitting these criteria were identified as non-regular prescribers and excluded from the analysis.
All prescription order data were extracted from our CPOE system. Specifically, the prescription order time was calculated as the time from when a doctor requested the PICS system to generate a new prescription order to the time the prescription order was committed to the system. To ensure the integrity of the prescription order data, the system audit software excludes any orders taking longer than 5 min to complete; it is believed that most such prescription orders are a consequence of the prescriber abandoning the task in favor of a task with higher priority. We removed data on prescription orders generating more than 20 alerts, after an investigation showed many cases were caused by unexpected prescriber behavior. For example, some doctors had scrolled through lists of drugs using a keyboard rather than a mouse, causing alerts to generate in the system for each drug scrolled through.
In addition, orders completed via an interim 'proposal' stage were excluded from the analysis. These appear to the doctor as pre-specified orders, and so the time taken to generate the prescription order is not equivalent to completing a full prescription order.
Temporal factors
The dates and times of all completed prescription orders generated by the doctors were interrogated to produce variables for a range of temporal factors. The year was divided into 13 separate 4-week periods (referred to as 'months'), allowing for an analysis of trends over time. Day of the week was also identified. To investigate the effect of shift work, and avoid overlapping shifts, we also analyzed prescription orders made between 9:00 and 17:00 during the day shift and between 23:00 and 7:00 during the night shift.
Modifying factors
The doctors were divided into three distinct groups: (1) first year junior doctors (Foundation year 1, F1); (2) other training grades who had been based at the study site in the previous year and were familiar with the system (internal); and (3) other training grades who had been based elsewhere in the previous year (external). The shift (night or day) when the prescription order was generated was also identified.
Finally, details about CDS alerts presented to the doctor at the time of prescription order generation were identified. These included: (1) the total number of alerts displayed; (2) the presence of alerts that the relevant doctor had not previously seen; and (3) the level of the most stringent alert displayed at each prescription order. A scheme of the factors considered is shown in figure 1 .
This study was conducted under the umbrella of a larger research project funded by the UK National Institute for Health Research, for which ethics committee approval was gained to capture data from the PICS system.
Statistical analysis
Initial analysis on a subset of the data, using generalized estimating equations with exchangeable correlation structures, found the within-doctor correlation between the times taken to generate consecutive prescription orders to be minimal (0.026). Therefore, the data were treated as independent and analyzed on a prescription level. Total prescription times were highly skewed, so the variable was log 10 -transformed prior to analysis, and geometric means are reported throughout.
Descriptive statistics were then produced for each combination of temporal factor (month number, day of the week, hour of shift) and modifying factor (doctor grade, day/night shift, maximum level of alert observed, and presence of unseen alerts).
For the final stage of analysis, we constructed a general linear model containing main effects of all factors, as well as two-way interactions between temporal and modifying factors. This model was then compared with the plots, to ensure results were consistent after all potentially confounding factors were considered simultaneously. All analyses were performed using SPSS V.19 (IBM, Armonk, New York, USA). The level of significance was set at p<0.05.
RESULTS
Prescription orders taking longer than 5 min were automatically excluded by the audit software. Prior to the application of other exclusion criteria, 609 879 prescription orders were extracted from the system. Of these, 133 527 prescription orders were excluded because they were made by junior doctors who were not regular prescribers. A further 1161 were excluded because they produced more than 20 alerts, resulting in a total of 475 191 prescription orders (78.9% of the total set) available for analysis. Of these, 43.0% were generated by the 84 most junior doctors of F1 grade, with the remaining 57.0% generated by 125 doctors of other grades below registrar. Furthermore, 120 225 of the included prescription orders were committed outside of the shifts being analyzed (07:01-08:59 and 17:01-22:59) and so were excluded from analyses related to shift working. Table 1 displays the geometric mean times by modifying factor. Overall, the geometric mean time taken to generate an order was 11.75 s (95% CI 11.72 to 11.78). Considering the whole study period, F1 doctors took significantly longer to generate a prescription order than other doctors (p<0.001). The time taken to generate a prescription order fell significantly over the 12-month study period (p<0.001), from a geometric mean of 16.68 s (95% CI 16.52 to 16.84) in the first month to 10.60 s (95% CI 10.51 to 10.69) in the last. Prescribing times varied significantly by day of the week (p<0.001), with the longest average on Thursdays (11.93 s (95% CI 11.86 to 12.01)) and Furthermore, prescription orders were generated faster during night shifts than during day shifts (p<0.001), with average times of 11.14 s (95% CI 11.08 to 11.20) and 12.31 s (95% CI 12.27 to 12.35), respectively.
Time taken to generate an order
Regarding CDS alerts, the geometric mean time to generate a prescription order almost doubled when doctors encountered an alert they had not previously seen (p<0.001), increasing from 10.07 s (95% CI 10.05 to 10.10) to 18.87 s (95% CI 18.78 to 18.96). Prescribing time also increased with alert severity, from 6.77 s (95% CI 6.73 to 6.81) for low level information alerts, to 24.59 s (95% CI 24.43 to 24.76) for the most severe (disallow) alerts (p<0.001).
A strong (p<0.001) positive relationship between time to enter the prescription order and the number of alerts generated was also observed (see online figure S1 in supplementary information A).
The proportion of alerts of different severities only changed slightly during the year: information only changed from 15.2% to 13.4%, tickbox from 49.0% to 50.5%, password from 23.5% to 25.9%, and disallow from 12.3% to 10.2%.
Effect of modifying factors by month
The grade of the doctor affected how the time taken to generate a prescription order changed over the year (p<0.001). F1 and other doctors new to the hospital took significantly longer to prescribe in the first month than those who had worked in the hospital in the preceding year, with geometric means of 19.53 s (95% CI 19.24 to 19.83), 15.90 s (95% CI 15.69 to 16.10) and 11.68 s (95% CI 11.36 to 12.01), respectively. However, the time taken by the former two groups became progressively shorter over the year, causing the difference between the groups to diminish. By the final month of the period, geometric mean prescribing times for the three groups had The observed difference between day and night shifts remained consistent over time (see online figure S2B in supplementary information B), as did the time taken to generate an order depending on the maximum level of alert seen by the doctor during the process (see online figure S2C in supplementary information B). Prescription orders that generated alerts which the doctor had not previously encountered took consistently longer than prescription orders generating only previously encountered alerts (see online figure S2D in supplementary information B).
Effect of modifying factors by weekday
The time taken to generate a prescription order across the working week was found to differ significantly by the grade of the doctor (p<0.001; see online figure S3A in supplementary information C). Those doctors who had worked in the hospital in the preceding year varied the most during the week, with prescribing times rising to a peak on Thursday, before declining rapidly by the weekend. A significant interaction between the day of the week and shift type (day or night) was also detected (p<0.001; see online figure S3B in supplementary information C). From Monday to Friday, differences between day and night shifts remained reasonably constant. However, during weekends, the time to generate an order during the day became considerably shorter, with the average times falling to values similar to those observed on night shifts.
The effect of maximum alert severity and previously unencountered alerts remained relatively consistent across the days of the week (see online figures S3C and S3D in supplementary information C, respectively).
Effect of modifying factors by hour of shift
Trends in the time taken to generate a prescription order over the shift were similar across the grades of doctor, between day and night shifts, and for the two alert related factors (see online figures S4A-D in supplementary information D) . In all cases, the same pattern in prescribing times was observed. There was an increase for the first half of the shift, followed by a fall in average prescribing times at the fifth hour. This was followed by another increase in prescribing times until the final hour of the shift, where another large reduction occurred.
DISCUSSION
We set out to determine how temporal factors (eg, month, day of week, time of shift), the grade of the doctor (and therefore prescribing experience), and the display of CDS alerts affected the time taken to generate a prescription order using a CPOE system.
Experience of the doctor F1 doctors were found to have the longest average prescribing time during the early months of the study period. Of the other doctors, those who had been in the hospital for the previous year and thus had experience using the CPOE system were the fastest prescribers. This suggests that previous prescribing experience and previous experience using CPOE systems both result in faster prescribing. The two groups of doctors who had been either internal or external to the study site in the previous year reached parity in prescribing times at approximately 3 months into the study in the 2012/2013 data. However, it took around 8 months for the F1 doctors to reach the same level.
Environment and shift
The time taken to generate an order during the day on a Saturday or Sunday was considerably shorter than on weekdays, and comparable to the time taken on night shifts. Increased workload on PICS on weekdays may partially account for increased time taken, although it is unlikely this would account for the 10% difference observed between day and night shifts during the working week. Hospital wards are busy, highly interruptive environments; during the day this is likely to be due to the increased staff presence and direct interruptions to work flow. At night, doctors are interrupted via a 'bleep' to attend patients across the hospital. Therefore it cannot be assumed that the reduced time to generate a prescription order at weekends and at night is a consequence of fewer interruptions. In fact, with fewer staff present, and a lengthening list of competing tasks, the doctor could be rushing to generate the prescription order and move onto the next task.
The interruption-driven nature of hospital work may foster conditions that are likely to impair memory during the working day, and this potentially contributes to clinical errors. 17 Junior doctors have cited this type of environment as a potential cause of prescribing error. 3, 16 An Australian study investigating how the day of the week affected errors clearly identified a 'weekend effect' whereby the rate of errors was higher on Saturday and Sunday than during the week. 18 Doctors generated prescription orders more quickly in their first and last hour of work. At the beginning of the shift, this may be due to the doctor feeling less tired and less busy as fewer tasks are likely to have been acquired. In the final hour, speed may increase as doctors prepare to leave on time or doctors from the following shift arrive early and take over some of their tasks.
Attention to CDS Reassuringly, the time taken to generate a prescription order almost doubled when a doctor was faced with CDS alerts or alerts that had not previously been encountered. However, this also suggests that once a doctor has read and responded to a warning on one occasion, they no longer attend to that alert to the same degree. This may either indicate alert fatigue or a learning effect. Previously unencountered alerts appear to have an even greater effect at the beginning of the 12-month period, suggesting doctors are even more cautious about new (previously unencountered) prescription-related information earlier in their experience of the system. This finding emphasizes the need to present the right alerts in the right format at the right point in the workflow so they are more 'acceptable' to users. 19 Advanced systems may need to modulate the level of alerts or the presentation of alerts or both, depending on the grade and prior experience of the doctor.
The time taken to generate a prescription order also increased as the severity level of alert increased. This is consistent with the need for the doctor to acknowledge higher level alerts by ticking a box or entering a password in order to complete the prescribing task. Higher level alerts may also indicate prescribing tasks that require more thought and therefore lengthier decision-making.
The greater the number of alerts appearing to the doctor, the longer the time taken to generate a prescription order. This is consistent with the view that a greater number of alerts takes longer to read; and the near-linearity of the relationship suggests doctors attend to the first and subsequent alerts to a similar extent. The effect of alert severity level and number of alerts on time to prescribe remained consistent over month, day of the week, and hour of shift, suggesting doctors still attended more to higher level and greater numbers of alerts over each temporal dimension. This argues against the presence of alert fatigue; reductions in prescribing time could be due to increased experience of prescribing and familiarity with the CPOE system.
Limitations
Analyzing the time taken to generate a prescription order requires knowledge beyond the audit capability of the electronic prescribing system, and is affected by various factors, for example, decision-making at the point of data entry, time taken to view reference sources, time taken to sign-off or complete the order, and any physical interruptions during the process. Our system can only provide a surrogate of prescribing speed at the stage of order generation-from the beginning of order entry to the point at which it is committed to the database.
This study does not consider where the doctors were at the time the prescription orders were generated. With the availability of central desktops, tablet technology, and computers on wheels at the study site, the doctor could be sitting at a desk in a quiet office or with a patient when generating the prescription order. A systematic review of the effect of electronic health records on time efficiency found that bed-side or point-of-care computer systems increased documentation time for physicians, while the use of central desktop stations was less time consuming. 20 The location of the doctor may therefore affect the time taken, and could be further analyzed with the use of ethnographic non-participant observation.
We also acknowledge that most prescription orders made by junior doctors are on the instructions of more senior doctors. 21 In this study it was not possible to determine the specific context in which each prescription order was generated. As a result, efficiency of prescribing and acceptance of alerts may not represent individual doctor effects amenable to intervention by training or system changes. Furthermore, it is hard to differentiate fully between the potential effects of alert fatigue, system familiarity, and practitioner experience on prescription order generation time. In future research, it would be useful to investigate the time taken alongside error rates of individual prescribers to gain a clearer understanding of factors affecting doctors' prescribing habits.
Finally, although our investigation only considered users of PICS at one site, we expect that similar associations between time to enter orders and familiarity with alerts, and with prescribing experience, will be found generally.
CONCLUSIONS
We empirically analyzed an electronic prescribing system to evaluate prescription orders, and how the time taken to generate these may be affected by the grade and experience of the doctor, temporal factors, and CDS. Overall, the time taken to generate a prescription order decreased over the study period. This may be due to increased prescribing experience, familiarity with the CPOE system interface allowing for faster navigation of the screen (a learning effect), or decreased attention given to previously encountered system-generated CDS alerts (alert fatigue). All three factors may be partially responsible and it is hard to disentangle which is most important. Ultimately, these findings may be able to inform alert philosophy on a local level with the intention of reducing alert fatigue.
Finally, we believe this study can inform future ethnographic research into the medication prescribing process. It helps identify factors such as whom to observe, the time of day, day of week, and shift types. These factors could also be further analyzed in terms of medication prescribing accuracy and voluntary error reports.
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